INTRODUCTION
Light activated composite resin is the most commonly used restorative material for anterior teeth as it fulfills the requirements of excellent esthetics and durability (1) . The materials are generally supplied as a single paste which contains monomers, comonomers, filler and an initiator which is unstable in the presence of certain light such as high intensity visible light (2) . These materials require the use of a specialist light source, capable of delivering radiation with appropriate characteristics to the surface of the freshly placed material in situ. Currently several types and designs of light activation unit are available for the polymerization of light activated materials such as quartz tungsten halogen (QTH), plasma arc, laser and light emitting diode (LED). The most important requirement of these light curing units is the ability to deliver high intensity radiation of the correct wavelength to the surface of the materials in order to activate polymerization (2, 3) .
Light activation is accomplished with blue light at a peak wave length of about 470 nm, which is absorbed usually by photo-initiator, such as camphorquinone (4) . The initiation system starts the polymerization process through the formation of free radicle. When a free radicle collides with a carbon double bond (C=C) in the resin monomer, it pairs with one of the electrons of the double bond converting the other member of the pair in to a frer adicle, and thus the reaction continues. In light cured systems, a light source of 468 nm (+/-20) excites camphorquinone or another diaketone into a triplet state that interacts with a non-aromatic tertiary amine, such as N,N-dimethylaminoethyl methacrylate. Ideally, this process continues until all of the monomers become polymerized. Polymerization is directly related to the wavelength, intensity and time of exposure (5). For maximum curing, which is about 50% to 60% monomer conversion, a radiant energy influx of approximately 16 joules/cm 2 is required for a 2-mm thick layer of composite resin. This can be delivered by a 40-sec exposure to a lamp emitting 400 mW/cm 2 . The same result can be produced by a 20-sec exposure at 800 mW/cm 2 , or an exposure of 13 sec with 1200-mW/cm 2 lamp. Thus increasing the power density of the lamp increases the rate and degree of cure (6) .
The degree of polymerization also varies according to the distance from the surface of the composite to the light source. Depth of cure decreases significantly as this distance increases. The potential for activation declines exponentially as a function of the distance from the surface of the filling (5) . The intensity of the light Ix at a distance x from the surface is given by the function Where 10 is the light intensity at the surface and f1 is the absorption coefficient of the material. Since a certain level of intensity is required to cause activation it follows that light activated materials have a limited depth of cure (5) .
The intensity of light observed from a source of constant intrinsic luminosity falls off as the square of the distance from the object. This is known as the inverse square law for light intensity (7) .
Thus, if the distance to a light source is doubled, the intensity is decreased to (1/2)2, that is equivalent to 1/4 of its original value. Generally, the ratio of intensities at distances dl and d2 are The ideal distance of the light source from the composite is 1 mm, with the light source positioned at the right angle to the composite surface. As the angle reduces from 90°, the light energy is reflected away and penetration is greatly reduced (9,10). Although the 90°position has always been emphasised, no study has investigated the effect of angulation although this situation is commonly seen in clinical practice.
Therefore, the purpose of this study was to investigate the effect of on the light intensity of selected light curing units with varying the distance and angulation of the light curing tip. Rite measured curing energy only in the 400 to 500 nm part of the spectrum and recorded the results in milliwatts per square centimeter and being able to measure a curing energy between zero to 1999 mw/ cm 2 (II). All the light bulbs and reflectors of the light curing unit were new.
This distometer consisted of; a base, a sliding platform mounted on the box, a protractor, a ruler, a height gauge (Mitutoyo) and light curing holder ( Figure 7) .
The light CUringunit was fastened to a vertical support so that the tip was parallel to the table surface. The digital visible lightmeter was fixed to the mounting table coaxially with the light tip. The light tip was angulated at 90°to the light aperture and held at five different distances from it: 0 mm (surface contact), Imm, 3mm, 5mm, lOmm and 15mm. These distances were standardized using the gauge height (Mitutoyo, Japan) that was attached to the distometer. The position of each light tip was adjusted to ensure the light emitted was transmitted to the centre of the lightmeter aperture. The intensity of the light source was measured in mW/cm 2 • Each measurement of light intensity was made 5 times for 10 seconds.
In a second part of the study, the distance between the curing light tip and the light aperture was standardized at 5 mm and the light curing tips were angulated at 90°, 60°and 45°to the lightmeter aperture. A similar set-up of the distometer was used. Each measurement was made 5 times for 10 seconds duration.
Statistical analysis was performed using TwoWay ANOVA (SPSS version 12.0). Figure 8 showed that the highest light intensity was obtained when the tip of light curing unit was in contact with the lightmeter aperture. It also showed that the intensity of all the light curing units decrease as a function of distance.
RESULTS
Descriptive statistics showed that all data were normally distributed. Two-way ANOVA showed that there was a significant interaction between light and distance. Dunnett's T Post Hoc tests were used to compare the differences between groups as Levene's test revealed that equal variance across all groups could not be assumed. The box plot in Figure 9 showed that light intensity decreased significantly when the light tip was placed 5mm, 10mm and 15mm away from the lightmeter aperture. However, no significant differences were detected between Omm, lmm and 3mm.
Figure 10 illustrated a decrease in light intensity when the light tip was angulated at 45°and 60°e xcept for Coltolux 3. Descriptive statistics showed that all data were normally distributed. Two-way ANOVA showed that there was a significant interaction between light and angulation. Dunnett's T Post Hoc tests were used to compare the differences between groups as Levene's test revealed that equal variance across all groups could not be assumed. The box plot in Figure 11 shows that light intensity decreased significantly when the light tip was angulated at 45°and 60°to the lightmeter aperture.
DISCUSSION
In ISO 4049, light activated materials are required to be tested for sensitivity to ambient light (13) .
When subjected to lighting equivalent to a dental operating light they should show no detectable change in consistency after 60 seconds exposure. After being covered with a matrix strip and exposed to the light source, polymerization is often very rapid. The ability to set rapidly after exposure to the light source is termed 'command setting' (2) .
The compatibility of light sources and composite materials has been the subjects of studies and debates (2, 3) . Most currently available light-activated resin composite materials utilize a similar catalyst system and most light-activation units are designed to deliver radiation which has a high intensity at the relevant wavelength (3) . In all light curing units, the light is transmitted to the hose tip by a fibre optic bundle (14) .
According to Mc Cabe and Walls (2008), there are marked differences in performance between the units with a variation in intensity ranging between 130 to 1300 lux at 470 nm. Since depth of cure values which are supplied by manufacturers have normally been measured with a specific light source, it cannot be guaranteed that the same depth of cure could be achieved with a different light source (2) .
A common light source is a quartz-tungsten halogen (QTH) bulb (14) . This unit is capable of generating the required power of light output and is relatively cheap. The power output from the bulb deteriorates as the bulb ages reducing the effectiveness of the curing process. It also generates a considerable amount of heat both directly and through emissions in the infra red range of the light spectrum (2). The blue-LED light curing unit has the advantage that it only emits light within a very narrow range around 460-480 nm. It is therefore ultra energy efficient and can be operated with a small rechargeable battery, making it portable. However, the bandwidth of the light may be so narrow that for some composites using a visible light curing process not incorporating camphoroquinone, its optimum light curing condition may lie outside the bandwidth (3) One of the optical phenomena that are important is the light transmission through a resin composite layer. A considerable part of the irradiance light that illuminates the resin composite is reflected. The other part of the light that penetrates has the function of exciting the photo initiator to start polymerization process as deeply as possible. But the extent of this light's penetration depends on the absorption coefficients of the resin composite's components (15) . If the Naperian absorption coefficient, 1/a, is used, the depth of penetration (a) is the distance at which the radiant power, P\, decreases to 1/e of its incident value, p0A., being e, the Naperian Number (16) . Theoretically, if the distance were doubled to a light source, the intensity is decreased to (1/2)2, that is a quarter of its original value. Therefore, the light intensity per unit surface area drops off with the inverse square of the distance between the light source and the resin (3).
The results of this study confirmed that distance has an effect on the intensity of the light at distances greater than 3mm away light intensity decreased significantly when light tip was placed from the lightmeter aperture.
However, no significant differences were detected between Omm, Imm and 3mm. Our study showed that the intensity recorded from all light curing units decreased as a function of distance. However, this decrease did not follow the inverse square law for light intensity for all light curing units. The findings of this study also supported the statement made by McCabe and Walls (2008) that there are marked differences in light intensity produced by different curing lights (2) .
Direct comparison with other research cannot be made as our study measured light intensity directly using a lightmeter. Others have evaluated surface hardness, depth of cure and bond strength of composite resin (17, 18, 19) . However, in these, there were no clear explanations and evidence that an attempt was made to ensure that the distances between light tip and resin composite was standardized.
The findings of our study showed a decrease in light intensity when light tip is angulated to 45°and 60°except for Coltolux 3. In everyday clinical work the dentist invariably angulates the light curing tip when polymerizing composite resin. Sometimes angulating the light tip cannot be avoided as access to the restoration may be limited by the tooth or cavity's position. It may also be due to poor hand control of the operator or assistant. The findings of this study found that for maximum light intensity it is important to maintain 90°angulation of the tip of light curing unit to the surface. Further studies need to be carried out to ascertain it effect on composite resins. Therefore the curing times recommended by the manufacturer may need to be extended whenever the tip of the light curing unit cannot be placed perpendicular (90°) to the surface of the composite resin.
CONCLUSIONS
The intensity of light curing was affected by the distance between the light curing tip and the lightmeter. However, the decrease in light intensity of the light curing unit did not obey the inverse square law for distances 0 to 15 mm.
The study found that there was no significant difference between 45°and 60°angulation between the light curing tip and the lightmeter. However, the decrease in light intensity was significant when compared to the light tip being placed perpendicular (90°) to the aperture of the light meter.
